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.Notation

CT Ideal (non-vircour) thrust coefficient

h Subscrirt denoting flnite hub

K(Z) Integral defined by ecuation (2)

r Section radius

P Proreller tip zaeius

X _. Nondimenrional section radius

]hNon -e im -ns ionr P I ' Piu s

Z !.fuber of Alaees

A Hydrodynaric pitch. anrlf

Ideal efficiency

AAdvance coefficient
Induced advance coefficient (=x. =Xtan 1)

a 1(X I Z, ,xh ) "Gcldstein Fvctor" or

"Circulation Disrtrlbution Factor" from
reference (8)

i

I
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Ab t traet

The ieeal (non-vircour) thrut coefficient Ci

related to a ranre of iesl efficiencier ( and

a rsrre of advance coefficientr (A) it calculated

for proreiiert having 3,4 ,5 and 6 blade and having

hubr vhorp diameters are 0.2, 0.3 and 0. uf the

rroreller diameter.

Introeuction

The relationshipsF between ieal (non-vircour)

thrust coefficient CT, ilpal effIciency Y6. and advance

coefficient A for rrorellerr having a finite number of
blade 'ut zero hub diameter were determined by

KramerI after suitably tranrforming equations (8) and

(11) of Wrch2 for finite "lade number. The results

obtained were based on Goldstein's3 solution of the

potential rroblem, recalculated by Lock, and Yeatran

and Kramer, himrself, and extended by Kramer for large

values o1' .

When Lerbs published a proteller design method

urinr "induction factors," it became possible to cowpare

theoretically the circulation eistributionr for lightly

and moderately londed prcvllers. When, as a result of

3ieferencee are liteO on pare 5



this compariron, it was seen that the condition of

normality for lirhtly loaded prorellerr could be

applied to moderately loaded prorellers with rood

accuracy, *it was then deeree necessary to determine

the Goldstein Factor by more accurate methods than had

previously been used, particularly for sections near

the tip and for large advance ratios."6  This was

done by Tachrindji and kPllar.6

Noting the increarini u.e of rropellerr with

relatively large hubf, TchmIndJi7 formulated and

Polved the potential problem for propellers with finite

hub diareterr. Numerical ovaluations are presented by
8

Tachindi and ?Mla,.

Herein are riven relationrhips betwern ideal

(nonvireous) thrust coefficient CT, ideal efficiency

(=0.50, 0.60, 0.70, 0.80, 0.85, 0.90, 0.95, 0.97, 0.99)

and A A;IL. Kramer'S work is thus extended for

propellers having finite hubs.

Method of Computation

The basic ecuation for the computation is Kramer's

eauation (1.1) (notation is changed to agree with that

in use at the D~vid Taylor Model Basin):

T 52 (1)



(Z) _____d

gee,____ (2)

where Co aIdeal tr.rust cceficlent

r\L i deal efficiency

Va go ( j Z, X, ti "Golerteifl

runction" or "Circuationl tstri-

bution TrIctor" f'rom- reference (8)

Shydi-ueyna!ric ritch r41

x ~ Vd~!P atio

z a nurbpr of' hiaceer

Xa inondimenrionll s(etiof radiur

Xh 76rei)iOdiamreter

h P ubs'crirt denotinf finite hub 4

The intogrationt of K(Zvrt performed uring a
'In

derk comu~ter and Simpron'r. firrt and recond rul~es.



Preventation o1 r'uitr

Curve? relatine CT, and Xfor 3,), ane 6

bladedrior Iler. hnving D.2, 0.3 mnd 0.4 hub diameter

ratios are riven in Flgurer 1- 1 APenix B. In

aedition, curves taken from Krarer's curvet for zero

hub and 4 blaeed are plotted on Figure 2 in order to

Lhow a compariron vith Tropcller. havinr finite hubr.

For more convenient use in interolating for

value? of X-and Xh between those given, Tablet 1-4,

Arpeneix A, Five valuer of CTi a. a function of Z,

, and Xh .

The rerultr presented are considered accurate

within one In the third sirniflcent figure throughout

the ranfe covered.
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?able I

Zieml Thrust Cceerficnt, CTIt for ,HMJ-EZ.ADW " ?pllers

3.0 3. 4,0 4.5 5.0 5.560

= 10.2

0150 3.35U 3.857 4.1^842 4.6338 4.9356 5.1848 5.395
0.6 1.9089 2.1860 ,.4177 2.61PL 2.7715 2.9n66 3.n2n8
0.70 1,077 2.2275 .1.3!4 14567 1.5tu3 1.616n .6774
0.60 0.5632 0.636 C'.7 01I C'.752- 07961 0.8322 I-. %I
0.85 O.3766 0.4282 s.4693 ^.Y133 C.5316 (0.5553 ,.5753
.0.90 0,2276 0.257O C.2812 r..301l ".3178 0.3317 f.3434
0.95 0.1034 0.1164 .1271 0 .1360 0.1433 O.U9 ".1547
0.97 0.059 0.0672 0.0731. .'7e4 .0827 0.0862 ".92
0.99 0,0192 0,0216 0,0236 nn252 ?%'.65 0,2'76 6

xh x 0.3

0.50 3OW1 3.5161 3.9152 ,.251C 4.5316 4.7690 4.9696
0.60 1.7296 1.9876 2.2053 2. 32 2.5.'9 2.6730 24779.
0,70 0,9742 1.1UO 1.2318 1 .33n6 1,413n 1.026 1.541
0.60 0.9m 0 0.5782 o.637; :,.-&, .',ad 0.7626 ..63l6
0.85 0.3411 n.3873 C'.4,61 .45f% f.45.57 0.5065 ".5278
0,90 0,2050 n.2322 0.2551 "".274.2 ',.2901 0.3035 0.3149
0.95 0.0929 0.1051 0.1152 .107 0.6 O. 367 C.U1S
0.97 0.0537 0.0607 .1665 7" C.754, 0.0078 ,,.817
0.99 C.0173 0.0195 0.1213 1.:,9 o.C242 0.0252

0.50 2.6321 3,nS63 3,.4218 3,7291 3.9965 4.22U 4.1,22
0,60 1917 1.72,0 1.9239 2.0918 2.238 2.3608 i..662
0009 0.8381 0,9643 ,M727 1.1637 1.2429 1.309 1.3665
00O 0.43L 0,495 o.5546 '.5996 C.6394 0.6726 C.7n1U
08 0.44 0.3343 0.3702 0..=02 o.4264 C.4 P.4673
0.,90 0.1755 0,2002 n.,22U 0.,491 c.2546 0.2675 C.2786
0.9" 0.07 0.090 n.0999 n.1078 n.11247 _.1204 '.3254
0.9 O.O9 Oo.522 0.05 0^622 (.)661 o.%%9 ( .722
0.99 0.014 0.0166 0.0185 0.n199 r.nk2 n.f222 %.*,,:31

i.7.



Table I I

XIeal thrust Coefficiest,# CTI ror FrCWSKA=MD 3wors

3.0 3.5 4.0 4.15 5*0 515 .

xs 0.2

0.50 3.7639 4.2w6 &.6M8 510242 502M6 5.5150 5*7034
0.60 2*2U34 2.4176 2.6"01 2082U 2,9693 3.'1S 3.1931
OMV l. 1.3577 1.A772 1. 5713 LOU3 1.718 1,7730
0,80 O,63= 097060 0.7655 0.8136 0.6526 C.8851 0.9119
0.65 0.4M4 047M4 0.5124 0.54 0.5695 0'5906 ("M06
0.90 0.25% 0.2841 0.060 0.3254 0.340 0035a8 0.,3630
0.95 0,no160 0.26 0"N3 0.2469 0.1535 0.1W9 0.1635
0097 0.001 0 00743 0DOOM 0.0648 C.0685 010911 0.0942
0'99 0,021 0.0239 000257 0.027 0,004 0.029 0,03n2

0150 3.492 3.9646 4.150 4,6647 J.9222 5.1331 5.3117
0.60 1."636 2,240 204"04 2.6206 2*7594 2.8739 2.7706
0.70 1*1172 1.2560 is)"6 1,4600 1.534 1.""5 1.6477
0,60 0.586 0.6519 0.706 0*7534 0.7903 0.820 0.W45
0.85 0.392 0.437 0.473 Cd.9032 0.5W?4 0.5474 o.%642
0.90 0.2351 002M1 0.214 C .30"9 0*3290 0.3 0.36
0."5 0.106 0.1284 0.120 0,1357 0.420 0,2472 0.1515
0.97 0.0M .0 0 0.0783w" w 0.0619 0 .068 0.0673
0,9" 0.0196 0.0220 0.0237 0.0251 0.0212 0.0272 0.0280

0,50 309f 3.530 3.669 4.1823 4.424 4.6256 4.7967
06 107598 1.917 2*186 2,3U61 2*4776 2.5669 2.6799
0.70 0.966 1140 1.M19 1.30U2 1.376 1.439 1.4850
0060 0.513 0.577 0.627 0.,6725 0*7076 0,,7372 0. %,2=
0'5 03W 0a*"" 04206 0.449 0.A721 0.4924 0.507
0.90 0.w 0.233 0929 0.262 00=18 012931 0,3M2
0'"5 0.0936 0.106 0,1236 0.1=9 01270 .1320 0.1362
0.97 oleo$" 00W 01069s 04"w 090"a ~O'vw O~OMS
0.M 0.0174 0.0M 0.02 0.0224 000235 0.0244 0.05



Table TTI

Tdea1 Thrwt Coeffelents Cy1, for ?W5..3IAMM IProere

3.0 3.5 .o 4.5 5.0 5. .

Rb uO.2

1.0250 16 521U &.9182 5.2370 5 14954* 5.7M7 5.M87
0.60 'k215 a56%6. 2,774S -i.9465 3.5 .92 3.2928
().70 1.2932 1.4m7 1.5524 1.644o 1.7191 1.7m6 IA.83
0.80 r,6756 0.7,475 0.804 0.64%6 0.866 0.918 c,.9403
0085 0,4%40 0.5012 0.5363 C.9679 b,"27 0.6111 C'42o1
*0.,90 0.2731 0.30rt1 0.345 0.3396 (l.3537 0.3W5 r.374,3
0.95 0.3339 0.1362 0.1458 - (".1534 Ca159 0.1645 0. 1686
0,97 0.0716 0.0786 0.06a1 0.C85 0.0920 '.t~s (c.M2
0."9 0.040 0.0253 0.0270 0).0284 O.095 0.0"04 (%.0311

0,50 MO7U 4.2462 4.6164 *.9214 5.1510 5.34*56 5.50151*j0.6 2.38 2.40 2.6001 2.7597 2.8m6 2,9929 frt
0.70 1.6 1.3451 1.45a2 1.5375 1.6060 1,6019 1.7077
0.80 0.60 0.6m6 0.7512 0.793 0.8272 0.854? C, 87M3
0."5 0.46 004"7 0.""2 0,5299 0.552 ('.570 (.547
0.90 012545 0,2W04 0.3m0 0.326 0.3m9 0.34M2 0.3486
0."5 0.115 0.220 0.11". 0.14n9 0.148 0,)533 O.1570
0.97 0*066"7 0.073 NOM6 0.OU4 0.0m5 0.0m6 elm90
0."9 o0cm 0.0235 0.0252 0.0264 (.0275 0.0263 r

3% 0*

0,50 3.426 3e845 4.1676 4.4636 4.6862 4.8678 5.0180
0.60 1.9362 2*1669 2.3545 4540 2.624, 2.723 2,8035
0.10 1*0679 112132 1.3226 1,3930 1.4574 1.5100 1.5535
0.80 0.5660 O.636 0.67S0 0.7178 0.7497 0,7M5 IM,97
0.bs O0jm 0.4"0 0.453 0.4791 0,9000 C.5171 .532
0.90 004"1 02519 a*"7 (;m2 0.j65s C. 3065 '36
0495 002 0.113 (.132 n.129 t0.1)4 (12"t c7.14u
0.97 0.05% 0.857 000705 1 90?4 010175 0.8NMI
0.99 0.81% 002 0*0226 0.00M 0.024 0.~25 QUA .0363



Table IV

Ide.a Imast Cofficient# Cufor ' KI-MA Fipglr

3.0 3.5 4.0 14.5 5,0 5,56t,

Kb 0.2

0.90 4o246 40691) 5.076 5o363 5.42% 5.6r6 '.9942

0.60 o 3934 2,6%64 Z*$639 3.028 3.16M7 3o2679 3.3558

0.-70 l,)505 I3.49U* 1,6021 2.6m? 1."f59 1,8167 1.8632

0.80 0.705 Po.M5 0.630 0.8732. 0 09076 0.9354 r..582

0.85 0:570 (M5I" 0.5555 C,5636 0.6061 0062U 0,6390
0090 0.2851 0.329 0.3328 N.3492 0.3622 0.3728 0-3624

0.95 O.12 0.1412 0.1504 0.176 0.1634 r.i6do 0.1716

0.97 n,0748 0.0616 0.O66 000909 0.00%2 0.0969^W

0.99 0.024 0.0262 0,0M7 0.0292 040302 0.0310 0.0317

SOo3

0.50 3.9606 /L4350 4.7912 5.0731 5%291 5.4794 5.6269

0,60 i,2612 2.o%67 2,696 ig,849 209706 *3s,0676 3.2467

0.70 1.273 I.04 WA07 1.567 lose 519 148035 L1653

0.60 0.6640 097291 0,7796 06193 0.06 0.67%1 0.89%7

0.65 0.44 0.466 0.5M3 03.472 0.506 nos64 0.57M6

0090 0.2676 00"m6 Oo312 0.3M7 0.33,2 0.346 0.3565

0.95 0.1U 0.1325 0,1420 0,1476 0015"9 0025n1 0.160

0097 0.070 0(07w5 0061 0051 000681 0*0906 0.0925

0.99 0.0226 0.0246 000261 0.0273 0.0283 0.9M 0,0296

0050 3N640 4409" 4.366 4,647) 4.654 5.0212 5L156

0.40 ;.0633 aim69 2.4Am 2.06W MUD3 2.* M1 2.6619

0.670 1.193 12 ? 1. 23756 1.4592 1.5W? 15576 1.0969

0.40 CAM0) 0034 0.7104 00747) 0.7766 0.600 0.81%6

0.5 0.404 004440 0.474 014W 0M5IN Oo$3.% 0.546

0.0 0.242 0.26 062M3 002M6 0098 ('.31 0.3256

cow 0.1106 Gel= 0161 0.1344 0013, 0016,10 0.146

00" 0.0M 00 0,0M3 0.0715 0.063 0.06"2i 00644

0.99 0.0I 00M 0.,32Y 0.P34 0.00M 0.0065 0.027
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